Background We have previously shown that treatment with streptokinase induces abrupt complement activation and transient neutropenia in patients with acute myocardial infarction (AMI). The purpose of this study was to compare the effects of two different thrombolytic agents -streptokinase (SK) and recombinant tissue-type plasminogen activator (rTPA) -on activation of the complement and kinin systems in plasma of patients with AMI.
Background We have previously shown that treatment with streptokinase induces abrupt complement activation and transient neutropenia in patients with acute myocardial infarction (AMI). The purpose of this study was to compare the effects of two different thrombolytic agents -streptokinase (SK) and recombinant tissue-type plasminogen activator (rTPA) -on activation of the complement and kinin systems in plasma of patients with AMI.
Methods and Results Forty-one patients with AMI who were eligible for thrombolytic therapy were studied. Twentythree patients were treated with streptokinase (1.5 million IU IV over 60 minutes) and 18 were treated with rTPA (8 with bolus of 10 mg IV, followed by 50 mg infused over 60 minutes and then 40 mg infused over 120 minutes; 10 patients were administered rTPA and heparin according to the accelerated infusion protocol indicated by the GUSTO study). C4a and C3a were measured by radioimmunoassay, soluble terminal complement components (SC5b-9) and anti-SK IgG antibodies were measured by ELISA. Cleaved high molecular weight kininogen (HK) was quantitated in plasma by SDS-PAGE and immunoblotting analysis. C4a levels were significantly and similarly increased in both groups, whereas the levels of C3a and SC5b-9 after rTPA infusion were only slightly elevated and were significantly lower than after SK. No differences were observed between patients treated with slow or accelerated rTPA regimens. The titer of antibodies to SK was highly T | She inflammatory reaction attendant to acute myocardial infarction (AMI) is a topic of considerable interest and discussion. In addition to their well known action on coagulation, thrombolytic agents, routine treatment for AMI, activate other enzymatic systems that have proinflammatory effects. This aspect of thrombolytic therapy has been little investigated, and a study of the complement and contact systems could be an interesting approach.
correlated with the levels of C3a and SC5b-9, whereas a lesser correlation was observed with C4a. Treatment with rTPA did not induce the transient neutropenia observed after SK infusion. The cleavage products of HK were significantly greater after SK than after rTPA infusion. Conclusions Our results show that both thrombolytic agents activate the classic complement pathway and that plasmin could be the common trigger for this phenomenon. A significant activation of the complement common pathway (from C3 to terminal components) was observed only with SK infusion and is attributable to the rapid formation of immunocomplexes between SK and anti-SK antibodies present in plasma as a consequence of previous streptococcal infections. The AMI, 5, 6 although two other studies (one, however, was limited to the early phase of AMI) did not report complement activation. 78 We have recently been unable to detect signs of complement activation in plasma during the acute phase of uncomplicated myocardial infarction. However, we did show that thrombolytic treatment with streptokinase (SK) abruptly activates the complement system.9 Complement activation has also been demonstrated in five patients in the very early phase of thrombolytic treatment with recombinant tissue-type plasminogen activator (rTPA).8 As a consequence of complement activation, patients treated with SK have a transient leukopenia,9 but this was not evaluated in the rTPA study. 8 Moreover, recent experiments in animals suggest that bradykinin, a vasoactive peptide derived from high molecular weight kininogen (HK) during contact system activation, could reduce the area of infarct.10,1'
The aim of the present study was to evaluate the extent of complement activation generated by SK and rTPA infusion by measuring plasma levels of anaphylatoxins (C4a and C3a) and soluble terminal complement components (SC5b-9) in patients with AMI. We also examined the effects of the two thrombolytic agents on contact system activation, measured as cleavage of HK.
Methods
Forty-one patients with AMI (31 men and 10 women; age, 39 to 82 years) who presented at the hospital within 6 hours of beginning the symptoms of AMI were considered to be eligible for thrombolytic treatment and were entered into the study. All patients gave informed consent, and the study protocol was approved by the Ethical Committee of the University of Milan.
Twenty-three patients were treated with SK (Streptase, Behringwerke; 1.5 million IU over 60 minutes). Eighteen were treated with rTPA (Actilyse, Boehringer Ingelheim), with two different regimens. Eight were given a bolus of 10 mg IV, followed by 50 mg infused over 60 minutes and then 40 mg infused over 120 minutes (slow regimen). Ten patients were treated according to the new accelerated rTPA-heparin infusion protocol suggested in the GUSTO study (15 mg rTPA IV bolus followed by 50 mg over 30 minutes and then 35 mg over 60 minutes, with a bolus of 5000 U of heparin IV followed by continuous infusion of 1000 U/h) (fast regimen). ' 
Results

Effects of SK and rTPA Infusion on Complement Activation and WBCs
Patients with uncomplicated myocardial infarction had plasma levels of C4a, C3a, and SC5b-9 on arrival at the hospital that did not differ from those of healthy volunteers. Basal values and those obtained during and after SK and rTPA infusion are reported in Table 2 . Data concerning the different rTPA regimens were pooled together because they never differed. Levels of all complement parameters were significantly increased by thrombolytic treatment (Table 2) . No significant differences in C4a levels were found between SK and rTPA infusion. On the other hand, C3a and SC5b-9 levels at the minutes 15 and 30 and at the end of the infusion were greater after SK than after rTPA (P<.001); SC5b-9 levels were still higher (P<.001) in the SK group than in the rTPA group 24 hours after thrombolysis. Peak levels of C4a and C3a were usually reached after 15 minutes from the beginning of SK infusion and 15 to 30 minutes from the beginning of rTPA infusion. SC5b-9 peak levels were reached by the end of the SK infusion, whereas a moderate increase of terminal components, within the normal values, was observed after rTPA. As depicted in Fig 1, peak levels of C4a were similar in the two groups, whereas those of C3a and SC5b-9 were markedly higher after SK than after rTPA.
Anti-SK antibodies were determined in plasma of patients undergoing SK infusion, both before and after the end of the treatment. Pretreatment titers ranged from 5 to 620 AU (median, 122 AU) and were similar to the titers found in a group of 20 apparently healthy subjects (median, 111 AU; range, 2 to 1100 AU). Pretreatment titers were positively correlated with peak levels of C3a and SC5b-9 (r=.60, P=.001; r=.79, P<.001) and, to a lesser extent, with C4a (r=.53, P<.005). The anti-SK antibody titer fell after the infusion to 1.5 (range, 0.7 to 80) (P<.0001).
SK caused a transient but marked decrease in the number of WBCs 15 minutes after the beginning of the infusion (-32.2%; range, -87.9% to +9.3%; P<.001), which was not observed with rTPA infusion (+6.3%; range, -14.6% to +50.6%). Effects of SK and rTPA Infusion on Cleavage of HK Preinfusion levels of cleaved HK (median, 24%; range, 11% to 44%) were similar to those of healthy volunteers. Patients treated with SK showed a marked increase of cleaved HK (Fig 2) . Peak levels of cleaved HK were 79% of the total protein (range, 67% to 93%) after SK and 44% (range, 17% to 82%) after rTPA infusion. The cleavage products of HK were significantly higher in the SK group than in the rTPA group both at peak levels and at 24 hours (P=.0001) (Fig 3) .
Discussion
In several large trials published in 1986 through 1993. thrombolytic therapy was shown to reduce the mortality of AMI.12,14-17 However, little is known about the immunoinflammatory effects elicited by thrombolytic agents. Considering the importance of the inflammatory reaction in the evolution of AMI, the choice of the ideal thrombolytic agent should also involve these aspects. tion, which instead become detectable after infusion of either thrombolytic agent. Nevertheless, the patterns of complement activation were different in the two groups: SK activates the entire system through the classic pathway, and rTPA gives a similar degree of activation of the classic pathway component C4 but only slightly activates C3 and the terminal components from C5 through C9 (Fig 1) . The 
1-
The transient leukopenia observed after SK infusion is complement mediated, as suggested by a significant inverse correlation between the extent of the decrease in WBCs and the increase in C3a and SC5b-9 released into plasma (r= -.74, P<.001 and r= -.68, P<.005, respectively). A similar phenomenon is classically observed during hemodialysis and cardiopulmonary bypass, and it is attributable to generation of the leukotactic anaphylatoxin C5a.22,23 Therefore, it is clear why rTPA infusion, which only minimally activates C5, does not lead to leukopenia.
The cleavage of HK is constant and important after SK infusion, whereas it is scarcely detectable after rTPA, indicating that the biological effects of the two thrombolytic agents also differ in this respect. It has been shown that in vitro activation of plasminogen by SK induces the cleavage of HK and increases bradykinin release by kallikrein. 24 Because it is known that in vivo SK infusion activates larger amounts of plasminogen than infusion of rTPA,25 we suggest that the kininogenolytic activity of SK depends on its ability to generate more plasmin.
The series of events described in this article raise the obvious question of their clinical importance. Experimental data suggest that complement activation has a negative effect on myocardial infarction and that antagonizing the complement activation products with sCR1 reduces the infarct size.2-4 On the other hand, some investigators have claimed that when they increased plasma bradykinin levels during experimental myocardial infarction by administration of angiotensin-converting enzyme inhibitors, the necrotic area was reduced. 10'11 The data available at present are not sufficient to draw conclusions about the clinical importance of the inflammatory effects of thrombolytic therapy. Nevertheless, because the effects clearly occur in vivo, we suggest that they be taken into account when doing risk-benefit evaluations of the treatments.
